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Abstract
In this paper, we will study the effect of having a minimum measurable length
on inflationary cosmology. We will analyze the inflationary cosmology in
the Jacobson approach. In this approach, gravity is viewed as an emergent
thermodynamical phenomena. We will demonstrate that the existence of
a minimum measurable length will modify the Friedmann equations in the
Jacobson approach. We will use this modified Friedmann equation to analyze
the effect of minimum measurable length scale on inflationary cosmology.
This analysis will be performed using the Hamiltonian-Jacobi approach. We
compare our results to recent data, and find that our model may agree with
the recent data.
1. Introduction
It is known that a connection exists between the thermodynamics and
gravity. This connection was first investigated in the works of Bardeen,
Carter and Hawking [4]. In this work, it was suggested that an analogy exists
between the laws of thermodynamics and gravitational physics. However,
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the existence of this connection was only established after the discovery of
Hawking radiation [5]. The Hawking radiation comes from black holes, as
black holes behave as hot bodies with a temperature proportional to the
surface gravity of the black hole. The black holes also have an entropy
associated with them, and this entropy is proportional to the area of the
horizon [9, 6, 7, 8]. Thus, the black hole physics establishes a connection
between the laws of thermodynamics and gravitational physics. Motivated
by the relation between thermodynamics and gravity, it has been proposed
that gravity is actually only an emergent thermodynamic phenomena. This
formalism in which gravity is described as a emergent phenomena is called
the Jacobson formalism [1]. In this formalism, the Einstein field equation
can be derived from the first law of thermodynamics dQ = TdS [2, 3].
It may be noted that the Hawking radiation is connected to the uncer-
tainty principle in quantum mechanics [10, 11, 12, 13, 14, 15, 16]. This con-
nection is established by modeling the black hole as a n-dimensional sphere
whose radius is related to the Schwarzschild radius. The emitted particles
from the black hole obey the uncertainty principle, as the Hawking radiation
is a purely quantum mechanical process. This fact can be used to derive
the thermodynamical properties of the black hole [11, 12, 13]. It is known
that the temperature of a black hole increases as the size of the black hole
decreases. This temperature tends to infinity as the mass size of the black
hole approaches zero, and this in turn leads to a catastrophic evaporation of
the black hole.
There are strong indications that there exists a minimum measurable
length scale for the spacetime [17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28]. In
fact, the existence of a minimum measurable length scale is universal feature
of almost all approaches to quantum gravity [17, 18, 19, 20, 21, 22, 23, 24, 25].
The existence of the minimum measurable length scale is not consistent with
the usual uncertainty principle. This is because according to the usual uncer-
tainty principle, it is possible to measure the length to an arbitrary accuracy,
if the momentum is not measured. However, it is possible to generalize the
usual uncertainty principal to a generalized uncertainty principle (GUP),
such that this new uncertainty principle is consistent with the existence of
a minimum measurable length. As the Hawking radiation depends on the
uncertainty principle, the modification of the usual uncertainty principle to
the generalized uncertainty principle, also modifies the thermodynamics of
the black holes [10, 11, 12, 13, 14, 15, 16]. In fact, the usual relation between
the entropy and the area of a black hole gets significantly modified due to
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the GUP [10, 14, 15, 16] .
As the Friedmann equations are viewed as thermodynamical relations in
the Jacobson formalism, the modification of the thermodynamics by the GUP
will also modify the Friedmann equations in the Jacobson formalism. Such
modification to the Friedmann equations has been recently studied [29]. It
has also been demonstrated that the maximum energy density and a general
nonsingular evolution is independent of the equation of state and the spacial
curvature k. This state of maximum energy density was reached in a finite
time [43]. So, in this model, the big big bang singularity is not accessible,
and the energy density in the spacetime cannot be extended beyond Planck
density. This bound on the energy density of spacetime occurs because of
the GUP. As the Friedmann equations get modified due to the GUP, we
expect the inflationary cosmology also to get modified due to the GUP in the
thermodynamical approach. So, in this work we will study the inflationary
cosmology using the Jacobian formalism. We will also study the effect of
GUP deformed thermodynamics on the inflationary cosmology
It is possible to study the inflationary cosmology by using a potential to
derive the properties of the inflationary cosmology. Thus, a specific form of
the potential is chosen, and the model of the inflationary cosmology depends
on the details of the potential chosen [31, 32, 33, 34]. However, in addition to
all of other possible ways of considering inflation [35, 36], it is also possible
to use the Hamilton-Jacobi formalism to model the inflationary universe
[37, 38, 39, 40, 41]. In this formalism, the Hubble parameter is expressed in
term of a scalar field. It is possible to deducing a form of the potential in the
the Hamilton-Jacobi formalism. Furthermore, it is also possible to obtain
an exact solution for the scalar field in this approach. Thus, we will use the
Hamilton-Jacobi formalism in this work.
2. Inflation and Minimal Length
In this section, we will first review the modification to the Friedman
equations in the thermodynamics relation approach [1, 2, 3, 44, 29]. The GUP
[17, 18, 19, 20, 21, 22, 23, 24] is known to modify the area-entropy law [10, 14,
15, 16, 11, 12, 13]. The existence of a minimum measurable length originates
as an intriguing prediction of various frameworks of quantum gravity such
as string theory [17] and black hole physics [18, 19, 20, 21, 22, 23, 24]. This
implies a direct modification of the standard uncertainty principle [17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28], ∆x ≥ ~
∆p
[
1 +
β ℓ2
P
~2
(∆p)2
]
,, where ℓP is
3
the Planck length and β is a dimensionless constant which is generated from
some quantum gravitational effect. This modification of the thermodynamics
of a black hole also modifies the Bekenstein-Hawking entropy of a black hole
[10, 14, 15, 16, 11, 12, 13, 29])
dS
dA
=
α
8ℓ2P
1
A
[
1−
√
1− α
A
] . (1)
where α = 4βℓ2Pπ. It is possible to calculate the exact form of the GUP
deformed Friedmann equations in the thermodynamic approach [29],
8πG
3
(ρ− Λ) =
1
2
(
H2 +
k
a2
)
+
4 π
3α
[
1− F
3
2 (H)
]
, (2)
−4πG(ρ+ p) =
α
8π
(
H2 + k
a2
) (
H˙ − k
a2
)
[
1− F
1
2 (H)
] . (3)
in which the function F(H) is defined by
F(H) = 1−
α
4 π
(
H2 +
k
a2
)
.
Now we can analyze the inflationary cosmology in the presence of a min-
imum measurable length. In this regards, the Hamilton-Jacobi approach is
picked out as an appropriate formalism for studying inflation and its interest-
ing prediction, quantum perturbations. We set k = 0 in our case for studying
inflation3. Considering the density and the pressure given by
ρ =
1
2
φ˙2 + V (φ), p =
1
2
φ˙2 − V (φ) (4)
3 Inflation area is a epoch of the universe, where it undergoes an extremely accelerated
expansion. In other word, the scale factor of the universe grows fast during the inflationary
times. Besides, we are considering a slow-rolling inflation where the scalar field moves
slowly, as a ball in liquid. Consequently, the energy density of scalar field remains almost
constant and the universe continues expansion. Because of rapid grows of universe and
presence of slow moving scalar field, the constant parameter k, which appears as k/a2 in
the Friedmann equation, could be ignored [30].
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the modified Friedman equation will be as follows:
1
2
H2 +
4π
α
[
1− F3/2
]
=
8πG
3
(
φ˙2
2
+ V (φ)
)
(5)
Note that, from the Friedmann equation (5), it is realized that the expression
αH2/4π must be always smaller than unity. In the rest of the work, we take
into account this and expand the term up to the third order.
The Hamilton-Jacobi formalism is utilized as a strong tool to provide nu-
merous inflationary models with exactly known analytic solutions for the
background expansion [45]. In this formalism, instead of potential, the Hub-
ble parameter is introduced as a function of scalar field H := H(φ). Conse-
quently, the time derivative of the Hubble parameter is rewritten as H˙ = φ˙H ′,
where prime denotes derivative with respect to scalar field. From the second
Friedmann equation (3), we have the time derivative of the scalar field as
φ˙ = −
1
4πG
H ′(
1 + α
16π
H2
) . (6)
Substituting the relation in the first Friedmann equation comes to the Hamilton-
Jacobi equation
1
2
H2 +
4π
α
[
1− F3/2(H)
]
=
8πG
3
(
1
2(4πG)2
H ′2
(1 + α
16π
H)2
+ V (φ)
)
(7)
where the predicted potential of the model could easily be estimated, and
the general behavior of the potential is investigated easily.
2.1. Perturbation
The most interesting aspect of the inflationary scenario is that the sce-
nario predicts quantum perturbation in the very early times of the universe
evolution. There are three types of perturbation known as scalar, vector,
and tensor perturbations, and the most important ones are scalar and ten-
sor perturbations. Scalar fluctuations become seeds for cosmic microwave
background (CMB) anisotropies or for large scale structure (LSS) formation.
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Therefore, by measuring the spectra of the CMB anisotropies and density dis-
tribution, the corresponding primordial perturbations could be determined.
We briefly explain the situation. Involving only the scalar perturbation in
metric, one has
ds2 = a2(τ)
[
(1+A)dτ 2−2∂iBdτdx
i−
(
δij+2Cδij+2(∂i∂jE−
1
3
δij∇
2E)
)
dxidxj
]
(8)
and the action for canonical scalar field is stated as
S =
∫
dτd3x
(
R +
1
2
gµν∂µ∂ν − V (φ)
)
. (9)
Mukhanov-Sasaki equation plays an important role to debate scalar pertur-
bation of inflation that is derived by variation of action (the second order of
action in fluctuation) . In order to consider the dynamical equation in linear
order, the action is required at quadratic order in fluctuations. Applying the
spatially-flat gauge (where C = E = 0), it is realized that fluctuations in the
geometric part of the action are appeared by a factor of slow-rolling param-
eter ǫ(that is very small). Then, the fluctuation in the geometry could be
disregarded and the intended equation could be derived only by perturbing
the inflaton part. Finally, the Mukhanov-Sasaki equation could be found by
variation of obtained action. Since the geometric part could be ignored in
the mentioned gauge and the scalar perturbation only appears at the scalar
field part of action.
S2 =
1
2
∫
dτd3x
(
(υ′)2 − (∇υ)2 −
[a′′
a
− a2V,φφ
]
υ2
)
. (10)
where υ = aδφ (φ = φ¯ + δφ and ¯ indicates the background parameter).
Generally, if someone does not ignore the metric fluctuation, finally they ar-
rives at the same equation for the amplitude of scalar perturbation as one
arrive for the above case at horizon crossing that is our interest point [58].
It could be found out that the calculation for perturbation in our case is
not modified. However, it should be noted that the evolution of the Hubble
parameter and scalar field, which appear in the amplitude of scalar pertur-
bation and determine the dynamics of parameters, are certainly modified.
The above explanation gives a qualitative description of deriving the ampli-
tude of scalar perturbation (for more detail refer to [58, 59]). However, if one
is interested in qualitative description it could be found in [60].
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Employing the amplitude of scalar perturbations from [60], the scalar spectra
index is read as [61]
ns − 1 =
d ln(Ps)
d ln(k)
= 2ηH − 4ǫH , (11)
where ǫH and ηH are the first and second slow-rolling parameters, given by
[61, 63]
ǫH = −
H˙
H2
; ηH = −
|φ¨|
H|φ˙|
. (12)
Besides scalar fluctuations, the inflationary scenario predicts tensor fluc-
tuations, which is known as a gravitational wave, too. The produced tensor
fluctuations induce a curved polarization in the CMB radiation and increase
the overall amplitude of their anisotropies at a large scale. The physics of
the early Universe could be specified by fitting the analytical results the of
CMB and density spectra to corresponding observational data. In this case,
the perturbed metric could be written as
ds2 = a2(τ)
[
dτ 2 − (δij + 2Eij)dx
idxj
]
On the other hand, energy-momentum tensor has no contribution in the
tensor perturbation. Then, only the geometric part of the action should be
considered where it should be computed at quadratic order in fluctuations.
For a Einstein-Hilbert action, the perturbation of the action at quadratic
order is derived as
S2 =
M2p
8
∫
dτd3x
(
(E ′ij)
2 − (∇Eij)
2
)
(13)
Finally using almost the same method as for scalar perturbation, the ampli-
tude of tensor perturbation is obtained, as PT =
16π
m2p
(
H
2π
)2
. After doing some
algebraic analysis, and obtaining the amplitude of tensor perturbations [60],
the tensor spectra index is derived as [61]
nT =
d ln(PT )
d ln(k)
= −2ǫH . (14)
The imprint of tensor fluctuations on the CMB bring this idea to indi-
rectly determine its contribution to power spectra by measuring CMB polar-
ization [62]. Such a contribution could be expressed by the r quantity, which
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is known as tensor-to-scalar ratio and represents the relative amplitude of
tensor-to-scalar fluctuations, r = PT/Ps. Therefore, constraining r is one of
the main goals of the modern CMB survey, and is given by
r =
PT
Ps
=
1
2πG
H ′2
H2
(
1 + α
16π
H2
)2 . (15)
Inflation lasts until the slow roll parameter ǫH approaches unity. Then,
the final value of scalar field could be read from Eq.(12). In order to estimate
the field value in the beginning of inflation, the common approach is to
employ the number of e-folds equation. The number of e-folds, indicated by
N , is expressed as following
N =
∫ φe
φi
H
φ˙
dφ, (16)
where the subscripts ”i” and ”e” respectively denote the initial and end of
inflation. Integrating the equation for specific Hubble parameter, and using
ǫH = 1, the initial value of scalar field could be calculated, which will be
done in the following subsection.
2.2. Potential
The general form of the potential was introduced in Eq.(7). In order
to study the behavior of the potential during the inflationary times, the
potential could be drew in term of scalar field. Rewriting the Hamilton-
Jacobi equation (7), the potential could be expressed by
V (φ) =
3
8πG
[
H2
2
−
4φ
α
(
1− F3/2(H)
)]
−
1
2(4πG)2
H ′2
(1 + α
16π
H2)2
(17)
This is a the general form of the potential in term of the Hubble parameter.
To investigate the behavior of the potential, we need to introduce a function
for the Hubble parameter in term of scalar field, that is what we are going
to do in next subsection.
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2.3. Attractor Behavior
One of the absorbing aspect of the Hamilton-Jacobi formalism is that it
allows to simply consider the attractor behavior of the model. The common
approach is to suppose a homogeneous perturbation for Hubble parameter as
H = H0+δH [64], and insert it in the Hamiltonian-Jacobi equation up to the
first order. If the expression δH(φ)/H0(φ) approaches to zero with increas-
ing time, the attractor condition could be satisfied. In the following lines,
the calculation is explained step by step for more clarity. The Friedmann
equation is expressed by
1
2
H2 +
4π
α
[
1−
(
1−
α
4π
H2
)3/2]
=
8πG
3
(
1
2(4πG)2
H ′2
(1 + α
16π
H)2
+ V (φ)
)
Now, we impose the perturbation, H → H0+ δH , to the above equation. In
the following lines, we consider it for every term one by one
• H2 = (H0 + δH)
2 = H2
0
(1 + δH/H0)
2 = H2
0
(1 + 2δH/H0) = H
2
0
+ 2H0δH
• 1−
(
1−
α
4π
H2
)3/2
= 1−
(
1− x
)3/2
≃ 1−
(
1−
3
2
x+
3
8
x2
)
=
3
2
α
4π
H2 −
3
8
( α
4π
)2
H4
=
3
2
α
4π
(
H2
0
+ 2H0δH
)
−
3
8
( α
4π
)2(
H4
0
+ 4H3
0
δH
)
=
3
2
α
4π
H2
0
(
1−
α
16π
H2
0
)
+ 3
α
4π
H0
(
1−
α
8π
H2
0
)
δH
in above the dimensionless quantity x is defined as x = αH2/4π.
•
H ′
(1 + x/4)2
=
H ′
(1 + x/2 + x2/16)
≃
H ′20
(
1 + 2 δH
′
H′
0
)
1 + α
8π
H20
(
1 + 2 δH
H0
)
+ 1
16
(
α
4π
)2
H40
(
1 + 4 δH
H0
)
=
H ′20 + 2H
′
0δH
′(
1 + α
8π
H20 +
1
16
(
α
4π
)2
H40
)
+
(
α
4π
H0 +
1
4
(
α
4π
)2
H30
)
δH
=
H ′2
0
+ 2H ′
0
δH ′
A1 + A2δH
=
H ′2
0
A1 + A2δH
+
2H ′
0
δH ′
A1 + A2δH
=
H ′
0
A1
(
1−
A2
A1
δH
)
+
H ′
0
δH ′
A1
(
1−
A2
A1
δH
)
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where
A1 = 1 +
α
8π
H2
0
+
1
16
α2
(4π)2
H4
0
A2 =
(
α
4π
H0 +
1
4
α2
(4π)2
H3
0
)
(18)
So far, we explain every term of the Friedmann equation separately. Now,
by substituting them in the Friedmann equation and keeping only the first
order terms, one arrives at
H0δH+
( α
4π
)[
3
( α
4π
)
H0 −
3
2
( α
4π
)2
H3
0
]
δH =
−1
12πG
[
H ′20A2
A2
1
δH +
H ′0
A1
δH ′
]
and finally, by rearranging the above equation, we could derive the equation
of the main manuscript, namely as[
H0 + 3H0 −
3
2
( α
4π
)
H3
0
+
1
12πG
H ′0A2
A21
]
δH =
−1
12πG
H ′0
A1
δH ′
and finally
δH ′
δH
=
−12πGA1
H ′
0
[
4H0 −
3α
8π
H3
0
+
1
12πG
H ′0A2
A2
1
]
= H0(φ)
Now we have
δH(φ) = δH0 exp
∫
H(φ)dφ. (19)
A specific function of scalar field for the Hubble parameter is required to
exactly find out that the model could have the attractor behavior. It is
postponed to the next section where a function for the Hubble parameter is
proposed.
3. Typical Example
To go further, and investigate the result in more clear detail, it is neces-
sary to propose a specific function for the Hubble parameter in term of scalar
field. In this regards, we assume that there is H = H1φ, in which H1 is a
constant. Substituting this definition of H(φ), the situation will be studied
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in more detail.
Given H(φ), the the initial features, namely the potential and equation of
state parameter, of the model could be considered at the first step. The
parameters have been depicted in Fig.1 that shows a desirable situation: the
potential decreases by passing time and is smaller than Planck energy den-
sity. At the beginning of inflation, the scalar field (inflaton) stands on top
of the potential, and it rolls down to the minimum by increasing time, or
with reducing scalar field. Then, it is realized that the inflation in this work
could be classified as a member of ”Large Field Model” class of inflation so
that the scalar field interval, △φ = |φe − φi|, is larger than Planck mass.
According to the Lyth bound, for such a model the tensor-to-scalar ratio
should be bigger than 0.01 [65], that will be shown it is. On the other hand,
the equation of state parameter, ω, is very close to −1 at the beginning of
inflation describing a quasi-de Sitter case, where the Hubble parameter, H ,
is thought as an almost constant parameter.
(a) V (φ)− φ (b) ω − φ
Figure 1: a) the potential b) the equation of state parameter : have been plotted versus
scalar field for β = 9 × 10−4, βH21 = 1 × 10
−14 and N = 60. The parameter V˜ is defined
as V/M4p , where Mp is Planck mass M
2
p = G
−1. Also ϕ is the dimensionless scalar field
ϕ ≡ φ/Mp.
3.1. Inflationary Era and Observational Data
Since the general form of the equations and perturbation parameters were
acquired in the previous section, we are going straight to the result of the pro-
posed model. Inflation ends when the slow rolling parameter ǫH approaches
unity. To overcome the problem of standard cosmology models, the number
of e-fold should be about 55−65. Utilizing the definition of number of e-folds
(16), the initial scalar field could be extracted in term of N . The importance
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of the initial scalar field comes from the assumption that the the quantum
fluctuation is generated in the initial times of the inflation.
Latest observational data brings a good insight about the evolution in one
of its earliest time evolution. From Planck data, the amplitude of scalar per-
turbation is about ln
(
1010P2s
)
= 3.094± 0.034 (Planck TT,TE,EE+lowP),
and the scalar spectra index, which is equal to one for a scale invariant spec-
trum, is measured about ns = 0.9645±0.0049 (68% CL, Planck TT,TE,EE+lowP)
[66]. In contrast with scalar perturbation, Planck does not give an exact value
for tensor-to-scalar ratio r; it just specifies an upper bound for this param-
eter as r < 0.10 (95% CL, Planck TT,TE,EE+lowP) [66]. To test validity
of the model as a candidate explaining the inflation, the perturbation pa-
rameters predicted by the model should be compared with the observational
data. Amongst various data, the most important one is r − ns diagram in
which the inflationary models could be organized based on their prediction
about the diagram. Doing some manipulation, and using Eq.(11) and (15),
the parameters r and ns could be estimated, in which the result has been
prepared in Fig.2(a).
(a) r − ns (b) dns/dlnk
Figure 2: a) r b) dns
dlnk
versus scalar spectra index ns have been depicted N = 55(medium
point) to N = 65(large point), and the constant parameters: β = 9 × 10−4, βH2
1
=
1× 10−14.
It could be realized that the model prediction about r− ns diagram is in
perfect agreement with the Planck data, so that the results stands in 68% CL
area. In addition, the running scalar spectra index could be obtained using
the same approach. Fig.2(b) illustrates the result about the running of ns
stays in the 68% CL area of Planck data, implying another great consistency
of the model with data.
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The model could be checked one more time by comparison its estimation
about amplitude of scalar perturbation with the Planck data. It the two
following table the initial and final values of scalar field, tensor and scalar
spectra indices, amplitude of scalar perturbation and tensor-to-scalar ratio
have been presented for different values of the model free parameters.
βH2
1
5× 10−15 7× 10−15 9× 10−15
φi/Mp 3.0971 3.1053 3.0939
φe/Mp 0.2980 0.2518 0.2221
ns 0.9668 0.9669 0.9667
r 0.0331 0.0330 0.0332
ln
(
1010Ps
)
3.6056 3.9520 4.1893
nT −0.0165 −0.0165 −0.0166
Table 1: The model prediction about initial and final values of scalar field, tensor and scalar
spectra indices, amplitude of scalar perturbation and tensor-to-scalar ratio for constant
parameters: β = 5× 10−4, N = 60, and three different values of H1.
β 5× 10−4 7× 10−4 9× 10−4
φi/Mp 3.1098 3.0962 3.0886
φe/Mp 0.3141 0.2655 0.2341
ns 0.9670 0.9667 0.9666
r 0.0329 0.0332 0.0333
ln
(
1010Ps
)
3.5160 3.4991 3.4892
nT −0.0164 −0.0166 −0.0166
Table 2: The model prediction about initial and final values of scalar field, tensor and scalar
spectra indices, amplitude of scalar perturbation and tensor-to-scalar ratio for constant
parameters: H1 = 3× 10
−6, N = 60, and three different values of β.
It is clearly seen that all perturbation parameters predicted by the model
for suggested free parameters are in the Planck data range, that in turn
indicates the validity of the model as a suitable candidate for describing
inflation as an earliest universe evolution.
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3.2. Attractor behavior
The attractor behavior of the model has been studied in the earlier section
generally. To specifically discuss about the feature, the introduced function
of the Hubble parameter should be plugged in Eq.(19), and show that the
integral goes toward larger negative value by passing time. It is concluded
that the integral ensures larger negative value by increasing time, which in
turn exhibits the parameter δH approaches zero with increasing time, and
the attractor behavior could be satisfied by the model.
4. Conclusion
In this paper, we have analyzed the effect of having a minimum measur-
able length scale on inflationary cosmology using inflationary cosmology in
the Jacobian approach. This approach is motivated by the relation between
gravity and thermodynamics where Einstein field equations are the equation
of state for the geometry of spacetime. So, in this paper, the Friedmann
equations are viewed as the Clausius relation. Then we have analyzed the
modification of the Friedmann equations because of the existence of a mini-
mum measurable length. This consideration has been done by analyzing the
effect of the existence of a minimum measurable length on the entropy of the
cosmological Horizon. Finally, these modified Friedmann equations are used
for calculating the modifications to the inflationary cosmology. This analysis
is done using the Hamiltonian-Jacobi approach. We thus explicitly calcu-
late the effect of having a minimum measurable length scale on inflationary
cosmology. It may be noted that property of the spectrum of large-scale
magnetic fields which is generated due to the breaking of the conformal in-
variance has been studied in the context of inflationary cosmology [51]. In
this analysis, it has been demonstrated that the spectrum of the magnetic
fields should not be perfectly scale-invariant. In fact, it was observed that
this spectrum should be slightly red so that the amplitude of large-scale
magnetic fields can be stronger than a certain value. In this analysis, it was
assumed that the absence of amplification occurs due to the late-time action
of some dynamo mechanism. It would be interesting to repeat this analysis
by assuming the existence of a minimum measurable length scale. The in-
flation has also been studied using a non-canonical Lagrangian [52]-[53]. In
this case, the modification to the kinetic term is modified. This modifica-
tion to the kinetic term depends only on the fields and not the derivatives of
14
the fields. The non-canonical inflation has also been studied in the context
of string-inspired inflation models [54]. The DBI action has also been used
to study such models of inflation [55]-[56]. It has been demonstrated that
the standard Hubble slow roll expansion to the non-canonical case can be
generalized [57]. This generalization corresponds to the derivation of the ex-
pressions for observables in terms of the generalized slow roll parameters. It
would be interesting to analyze the models with non-canonical kinetic term
in the thermodynamic approach and also analyze the modification to these
models that can occur because of the existence of a minimum measurable
length scale.
Utilizing Hamilton-Jacobi formalism in the introduced generalized Fried-
mann equation allows one to properly study inflation epoch of the Universe
evolution. The calculated result demonstrates that the model could suit-
ably describe inflation, and it sounds that the result is in consistence with
the latest observational data of Planck. Considering the predicted potential
behavior exhibits that the proposed model stands in Large Field Class of
inflationary models, so that the scalar field leaves the top of the potential at
the beginning of inflation and slowly rolls down to the minimum. In addi-
tion, behavior of equation of state parameter ω is in agreement with whole
work. It expresses a quasi-de Sitter expansion for the universe, in which at
the initial of inflation, the parameter is so close to −1. The tensor-to-scalar
ratio and the running scalar spectra index were plotted versus ns. For the
both, the result stands in the 68% CL area, a great consistency of the model
prediction with the Planck data. The main output of the model about in-
flationary era were briefly prepared in Tables.1 and 2 for different values of
the free parameters. The estimated values for ns and ln
(
1010Ps
)
indicate
that these parameters are respectively almost about ns = 0.9667 and 3.605;
which are in good agreement with Planck data, where ns = 0.9645± 0.0049
and ln
(
1010Ps
)
= 3.094± 0.034. Finally, investigation of attractor behavior
for the model comes to another pleasant outcome. The homogenous pertur-
bation δH approaches zero with increasing time for all three cases describing
that the model could satisfy the attractor behavior.
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